ABSTRACT -The "Serra do Mar" region comprises the largest remnant of the Brazilian Atlantic Forest. The coast of the Paraná State is part of the core area of the "Serra do Mar" corridor and where actions for biodiversity conservation must be planned. In this study we aimed at characterizing the landscape structure in the APA-Guaraqueçaba, the largest protected area in this region, in order to assist environmental policies of this region. Based on a supervised classification of a mosaic of LANDSAT-5-TM satellite images (from March 2009), we developed a map (1:75,000 scale) with seven classes of land use and land cover and analyzed the relative quantities of forests and modified areas in slopes and lowlands. The APA-Guaraqueçaba is comprised mainly by the Dense Ombrophilous Forest (68.6% of total area) and secondary forests (9.1%), indicating a forested landscape matrix; anthropogenic and bare soil areas (0.8%) and the Pasture/Grasslands class (4.2%) were less representative. Slopes were less fragmented and more preserved (96.3% of Dense Ombrophilous Forest and secondary forest) than lowlands (71.3%), suggesting that restoration initiatives in the lowlands must be stimulated in this region. We concluded that most of the region sustains well-conserved ecosystems, highlighting the importance of Paraná northern coast for the biodiversity maintenance of the Atlantic Forest. 
ESTRUTURA DA PAISAGEM DO LITORAL NORTE DO PARANÁ: UM HOTSPOT DE CONSERVAÇÃO DA MATA ATLÂNTICA BRASILEIRA

RESUMO -A região da Serra do Mar compreende o maior remanescente da Floresta Atlântica brasileira. A costa do Estado do Paraná faz parte desta área, onde ações para a conservação da biodiversidade devem ser planejadas. O objetivo deste estudo foi caracterizar a estrutura da paisagem na APA de Guaraqueçaba, a maior área protegida no litoral Norte do Paraná, a fim de subsidiar políticas ambientais para a região. Com base em uma classificação supervisionada de um mosaico de imagens de satélite LANDSAT-5-TM (de março de 2009), foi produzido um mapa (escala 1:75.000) com sete classes de uso e cobertura do solo e analisada a quantidade relativa de florestas e áreas modificadas nas encostas e planícies. A APA de
e florestas secundárias (9,1%) , indicando uma matriz de paisagem florestada; as classes "áreas antrópicas" e de "solo exposto" (0,8%) 
INTRODUCTION
The Brazilian Atlantic Forest sustains one of the highest biodiversity and endemism rates in the world, but, conversely, it has also been the setting of a long degradation history (DEAN, 1995) , resulting in a highly fragmented and endangered biome (MYERS et al., 2000; GALINDO-LEAL; CÂMARA, 2003) . Recent broad scale estimates show that only 11 to 16% of the original cover of this biome still remains, of which only 9% are in protected areas and only 1% are original primary forest (SILVA; CASTELETI, 2003; RIBEIRO et al., 2009 ). The forest remnants are, in general, small-sized (<50 ha) and considerably far apart from each other, which highly affect species richness and composition of multiple taxa, as well as ecosystem processes (LIEBSCH et al., 2008; LOPES et al., 2009; METZGER et al., 2009; VIEIRA et al., 2009 ).
The high variation in Atlantic Forest elevation, physiognomy and land use history (DEAN, 1995; OLIVEIRA-FILHO; FONTES, 2000; MARQUES et al., 2011) resulted in differences in fragmentation rates and conservation status. From the eight different ecoregions, the Serra do Mar corridor, distributed in the Brazilian states of Rio de Janeiro, São Paulo, Paraná and Santa Catarina, is the most preserved region, where 36.5% of the original forest is remaining (RIBEIRO et al., 2009) . Furthermore, 25.2% of the remaining forests are in protected areas (RIBEIRO et al., 2009) , making this area the most important biodiversity shelter of Atlantic Forest in Brazil.
In Paraná State, the Atlantic Forest biome originally covered 97% of the state area, but, currently, only 10% of Atlantic Forest still remains, mainly associated to the Serra do Mar corridor, in the northern coast of the state (SOS MATA ATLÂNTICA; INPE, 2008) . In this region, several protected areas were established over the last decades in order to guarantee the biodiversity conservation (GRISE et al., 2009) ; nevertheless, some areas are still used for farming and pastures (FERRETI; BRITEZ, 2006) . The contrast between environmental and social interests has led to increasing levels of degradation of natural resources (BORSATTO et al., 2007) . Thus, the accurate measure of the changes in land use and in the landscape dynamics, an important tool for the regional policies of conservation and management (CALEGARI et al., 2010) , is urgent for the Atlantic Forest.
The aim of this study was to characterize the landscape structure of the northern coast of Paraná, by evaluating the land use and the land cover in the region from images of 2009. We updated previous analyses (IPARDES, 1990; IPARDES, 2001; PROATLÂNTICA, 2001; SCHMIDLIN; BRITEZ, 2002; GRISE et al., 2009 ) and compared the landscape of the coastal plains (lowlands) with the slopes to assess the amount of forests and disturbed areas, and support the conservation planning and management in this important region of the Atlantic Forest.
Study area:
The study was carried out in the northern coast of Paraná State, which encompasses the Environmental Protection Area of Guaraqueçaba (APA-Guaraqueçaba) together with the Antonina and Laranjeiras River Basins. The area of these two basins corresponds approximately with the area of the APA-Guaraqueçaba (Fig. 1) , an environmental reserve established by the Federal Decree 90883 of 1985 (BRASIL, 1985) that aims to protect the Atlantic Forest, the estuarine complex of Paranaguá Bay, the archaeological sites of the region (especially shell middens) and the traditional communities (caiçaras) integrated into the regional ecosystem. 
MATERIAL AND METHODS
Image acquisition and treatment:
In order to compose the map of the region, we used three different information sources: 1) LANDSAT-5-TM satellite images (from 5 We obtained the study area perimeter by determining the limits of the river basins and combining those to the APA-Guaraqueçaba area. Initially, we produced a mosaic of LANDSAT-5-TM (combination of sections 220/77 and 220/78) and SPOT images. Then, we cropped the image based on the study area perimeter and we used the resulting image (cropped mosaic) as the base image for the subsequent procedures until the creation of the classified image. The LANDSAT images were geometrically corrected (EASTMAN, 2006) from the ortho-rectified SPOT image mosaic.
Image classification:
The map of land use classes was prepared by using supervised classification by the maximum likelihood method, using bands 1, 2, 3, 4, 5 and 7 of the LANDSAT The accuracy assessment of the resulting map was made by means of a confusion matrix, where the percentage of pixels that were correctly classified was calculated, taking the image classified in relation to the samples as a reference and using the Kappa index to evaluate the result (FOODY, 2002) . We also applied a Kernel filter (3x3 pixels) to reduce the occurrence of isolated pixels. Furthermore, the classified image was edited manually after the accuracy analysis, to correct any errors of classification.
In order to compare the landscape structure of the coastal plain area (Lowlands) and the "Serra do Mar" Mountain Range and the first plateau of Paraná areas (Slopes), we divided the study area into the compartments "Slopes" and "Lowlands", based on the geomorphologic map of Paraná State (ITCG, 2009) All maps were done at 1:75,000 scale (GRISE et al., 2009) , considering the spatial resolution of 30m from LANDSAT-5-TM.
Characterization of the landscape structure:
By using the maps above, we performed a landscape structure analysis by estimating the number of patches, the area (divided by land cover and land use class) and the area proportion of the classes. The indices were produced by using the VLate application (LANG; BLASCHKE, 2007) in ArcGis 9.2.
RESULTS
The classification process produced an image with eight classes of land cover and land use. The image accuracy, calculated through the confusion matrix between the classifications and the samples, was 92% (Kappa coefficient = 0.90), suggesting a good graphic representation. Although this classification was considered efficient, the edited image resulted in a classification with seven land cover and land use classes The characterization of the different land cover and land use classes of the APA-Guaraqueçaba (Table 1) reveals that the Dense Ombrophilous Forest class was the most representative one, covering the greatest portion (68.6%) of the total area studied. This type of forest, together with secondary forests (9.5%) and mangroves (5.3%), comprised 83% of the area. The disturbed and bare soil areas accounted for less than 1% of the total area and areas of pastures and grasslands comprised 4.2%.
When only terrestrial areas were considered (class Water removed) and the two compartments (slopes and lowlands) were compared, a different distribution of land cover and land use classes was observed ( Figure 3 , Table 1 ). The total area of the slopes is approximately twice as large as the lowlands (207,788.90 ha and 100,535.27 ha, respectively). The Dense Ombrophilous Forest area in the slopes is almost three times the extent of the corresponding area in the lowlands (Table 1) , which also reflects the difference between the total areas of the compartments, although, in proportional terms, this difference is not very pronounced (84.7% and 63.5%, respectively). Considering all forest formations (Dense Ombrophilous Forest and Secondary forest), there are 96.3% of forest cover on the slope portion and 71.3% on the lowland portion, revealing a matrix of forested landscape in both areas. The results also indicate a greater suppression of vegetation (resulting from human activity) in the lowlands, since the combination of the classes pastures/grasslands and anthropogenic areas/bare soil corresponds to 9.7% in the lowlands and 3.7% in the slopes.
Analyses including only habitat areas (lowland and slope Dense Ombrophilous Forest), showed high frequency of small patches (< 5 ha), but they represent only < 2% of the total area (Figure 4) . On the other hand, larger patches (> 1000 ha) are less frequent (< 2%), but comprise a larger area (> 68% of the total; Figure 4 ), indicating a landscape dominated by continuous forests (Figures 3 and 4) .
DISCUSSION
The landscape analysis of the APA-Guaraqueçaba, northern coast of Paraná State, showed that the region is dominated by forests (83% of the total area), indicating that the matrix may be considered forested and in a good state of conservation. Differences in land use between lowlands and slopes suggest that management initiatives, such as forest restoration, must be encouraged in most fragmented lowland areas.
The Dense Ombrophilous Forest (68.6% of the total area) and secondary forests (9.5%) were the most representative classes in APA-Guaraqueçaba. Several studies have demonstrated high species richness in areas of primary and secondary forests in the region 
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( GUAPYASSU,1994; LIEBSCH et al., 2007; BORGO et al., 2011) . Old growth forests are important source of seeds (LEITÃO et al., 2010) and shelter for animals in the coastal Atlantic Forest (ZWIENER et al., 2012) . On the other hand, although secondary forests are a limited habitat for some species (BIHN et al., 2010) , some studies have demonstrated that a large number of specialist species can be found in plantations (e. g. cacao) and secondary forests in Atlantic Forest landscapes (PARDINI et al., 2009 , FONSECA et al., 2009 . Mangroves (5.3% of the total area) are well conserved in the APA-Guaraqueçaba region. It is possible that these mangroves are one of the most important fragments in Paraná State, highlighting the significance of its preservation (LANA, 2004) .
Pastures and grasslands (4.2%) and disturbed and bare soil areas (<1%) are less representative in the APA-Guaraqueçaba. Buffalo farms were common in the region in the 1970s and 1980s (FERRETI; BRITEZ, 2006) . After that, the cattle breeding was abandoned and a large part of the region became protected area ("Federal APA" of Guaraqueçaba, "State APA" Guaraqueçaba, Guaraqueçaba Ecological Station, Superagui National Park and the Private Reserves of Natural Heritage Águas Belas, Salto Morato and Sebuí), where the agriculture ceased more than 10 years ago (GRISE et al., 2009 ). Despite few representatives in APA-Guaraqueçaba, exotic pastures can drastically change the ecosystems, by preventing seed arrival and germination and limiting forest succession (CHEUNG et al., 2009) . Thus, conservation initiatives should take this into consideration for guaranteeing ecosystem resilience.
Slopes and lowlands are very distinctive landscapes in the APA-Guaraqueçaba. Slopes not only comprise a larger proportion of the area (~67% of APAGuaraqueçaba area), but they are also more forested (Dense Ombrophilous Forest and secondary forest) and better preserved than lowlands (96.3 and 71.3% of the compartment area, respectively). The great (FILA et al., 2009; VIDOLIN et al., 2011) . In fact, there was little change in the land use and land cover in the northern coast of Paraná in the period between 1986 and 1999 and most of the changes occurred near existent highways (PROATLÂNTICA, 2001; SCHMIDLIN; BRITEZ, 2002) .
CONCLUSIONS
Our results support previous descriptions that have been made for the region, showing that the Serra do Mar is indeed the most important fragment of the Atlantic Forest biome (RIBEIRO et al., 2009) . Whereas other regions are important for conservation because of their high diversity levels (MARTINI et al., 2007) , the northern coast of Paraná is probably one of the least fragmented areas, where efforts to maintain its preservation must be encouraged in order to guarantee the biodiversity conservation of the Atlantic Forest.
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